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@ Catalytic cracking processes wherein the cracking catalysts are prepared by: (1) contacting a mixture of a 
large pore zeolite and an inorganic oxide matrix at effective conditions of temperature, pH and time with a fluoro 
salt; and (2) ammonium exchanging the product of step (1) to provide a catalyst having less than 0.3 percent by 
weight NaaO, based on total catalyst weight, or less than 2.0 percent by weight of the zeolite employed in the 
catalyst. Optionally, the zeolite used is provided with an effective amount of at least one cation selected from the 
class consisting of cerium, lanthanum, praseodymium, neodymium, promethium, samarium, europium, lutetium, 
gadolinium, terbium, dysprosium, holmium, erbium, thulium and ytterbium. 
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CATALYTIC CRACKING PROCESS 



CROSS-REFERENCE TO RELATED APPLICATIONS 



5 This acpiication is a continuation of prior U.S. Apolication Serial No. 848.034, filed Apri; 4, 1986, which 

is a division of Sena! Nc. 657,413, filec October 4, 1984 (now U.S Patent Nc. 4.588.701), and of Serial No. 
8*8.033, filed Aoril 3, 1986. which is a divisicn of Serial No. 659.841 filed October 4, 1984, now U.S. Patent 
Nc. 4.591,576. 

TO 

FiELD OF THE INVENTION 



Tne present invention rentes tc new catalytic cracking caratysts, their method of manufacture and tc 
75 cracking processes employing such catalysts. The cracking catalysts comprise an inorganic oxide matrix 
and a large pore zeolite (6A to 15A) and are formed by a process that achieves a low concentration of 
sodium ions in the final catalyst without the requirement of energy intensive calcination steps heretofore 
employed for Na2 0 removal. 

20 

BACKGROUND OF THE INVENTION 

The prior art dealing with catalytic cracking catalysts is voluminous, with a basic underlying goal being 
the preparation of modified zeolites for use as cracking catalysts. These zeolites are then added to alumina, 

25 siiica, etc. as a matrix for the zeolite. The zeolitic component has generally been zeoiite Y and has 
essentially been unchanged for over a decade. The development of the art of cracking catalysts has 
centered, for the most part, on preparing catalyst formulations by employing pretreated zeolites which are 
then subsequently admixed with various matrices. Representative of such developments are those dis- 
closed in U.S. Patent Nos. 3,140,249, 3,352,796, 3,312,615 and 3,542,670. 

30 Another approach has been related to various secondary treatments for zeolites, such as processes to 
lower the alkali metal content of the basic zeoiitic component (e.g., U.S. Patent No. 3.293,192 and Re. 
28,629) and processes to extract aluminum from the zeolitic framework (to enhance the thermal stability of 
the zeolite). Of course, the latter processes necessarily result in products having sites where aluminum has 
been removed, and accordingly, the zeolites formed by such a process have a certain instability as a result. 

35 In EPC Application 81110620.3, having EPC Publication No. 82,211 and published June 29, 1983, and 

in U.S. Patent No. 4,503,023 incorporated herein by reference thereto, a new class of zeolites is disclosed 
and denominated therein as zeolite "LZ-210**. This class of aiuminosiiicates comprises aiuminosilicates 
having a chemical composition expressed in terms of mole ratios of oxides as: 
(0.85-1.1 )M an OAI 2 0 3 :x Si0 2 

40 wherein "M" is a cation having the valence "n", and "x" has a value greater then 6.0. LZ-210 is a new class 
of aiuminosilicates having a faujasite structure and having an S1O2 to AI2O3 ratio greater than 6.0 while not 
having the problems necessarily associated with dealuminated, i.e., aluminum extracted, zeolites. 

Among the various prior art processes are processes involving the treatment of zeolites with haiogen- 
contajning compounds whereby residual fluoride is orovided to the zeolite. Representative of patents for 

45 such processes are U.S. Patent Nos. 3,620,960 '(molybdenum fluoride): 3,630.965 (hydrofluoric acid); 
3,644,220 (volatile halides selected from the group consisting _of aluminum, ' zirconium, titanium, tin, 
molybdenum, tungsten, chromium, vanadium, antimony, bismuth, iron, platinum group metals and rare 
earths); 3,575,887 (fluorides and chlorides); 3,699,056 (halogenated hydrocarbons); 3,702,312 (fluorides and 
chlorides); 4,427,788 (ammoniacal aluminum fluoride solution for treatment of zeolites having a silica-to- 

50 alumina ratio greater than IQO); and 4,427,790 (complex fluoroanion treatment . of zeolites having a silica-to- 
alumina ratio greater than .100). 

U.S. Patent No. 4,427,790 is a recent patent disclosing that certain fluoroanions provide ennancement in 
the activity of crystalline zeoiite, but onty when the zeolites have silica-to-aiumina ratios greater than about 
100. The patent also discloses the post-admixture cf the treated products witn matrix materials, interest- 
ingly, the patent affirmatively teaches that the process is beneficial only for the treatment of such high siiica 
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zeolites and oniy when such zeolites are treated in the absence of any other component U.S. Patent No. 
4,500,421 (a continuation-in-part of U.S. Patent No. 4,427,790) discloses processes for the treatment of high 
silica zeolites (i.e., with a silica/alumina ratio greater than TOO) with reagents comprising fluoroanion moieties 
in solvent or solid mecia. The treated zeolites can be subjected to further treatments including hydroysis, 

5 ammonium exchange and calcining, combined with an inorganic matrix or omder and used as catalysts in 
processes for the catalytic conversion of hydrocarbon feedstocks. 

One variation of the above fluoride treatments for zeolites is disclosed in U.S. Patent No. 3,619,412. The 
process of U.S. Patent No. 3,619,412 comorises the treatment of a mixture of mordenite and amorpnous 
silica-alumina with a solution of a fluorine compound such as ammonium difluoride of hydrofluoric acid. The 

ro hydrofluoric acid treatment is said to provide stability to the treated catalyst. Further, processes involving 
specific treatments of zeolites having silica-to-alumina ratios greater than 100 are disclosed in U.S. Patent 
Nos. 4,427,786; 4,427,787; 4,427,739 and 4,427, 791. U.S. Patent No 4,427,786 discloses the treatment of 
suDported zeolites, wnerein the zeolite nas a silica-to-aiumina ratio greater than 100, with boron fluoriae. 
hydroiyzing of the of the boron fluoride, an ammonium salt exchange and calcination. A comparison of 

75 examples 2 and 9 therein shows that the activity of zeolites having a siiica-to-aiumina ratio of less than 70 
showed a decrease in activity as a result of the process. U.S. Patent No. 4,427,787 discloses the treatment 
on an alumina-supported zeolite, saia zeolite having a silica-to-alumina ration greater than 100, with a dilute 
aqueous solution of hydrogen fluoride. The hydrogen fluoriae treatment is said to preferentially increase the 
activity of zeolites having silica-to-aiumina ratios over 100. U.S. Patent No. 4,427,789 discloses the 

20 treatment of an alumina-supported zeolite, said zeolite having a siiica-to-alumina ratio greater than 100, with 
an aqueous solution of an aikaii metal fluoride, impregnation with a warm solution of an ammonium salt and 
a calcination. U.S. Patent No. 4,427,791 discloses a process for the treatment of an inorganic oxide material 
with ammonium fluoride or boron trifluonde, ammonium exchange, and calcination. The treatment is said to 
enhance the activity of the inorganic oxide material as a result of the ammonium exchange step. 

25 The use of LZ-210 and forms of tZ-210 as catalysts is disclosed- in copending and commonly assigned 
U.S. Serial No. 490,965, filed May 2, 1983, now abandoned, and U.S. Serial No. 657,417, filed October 3, 
1984 (now U.S. Patent No. 4,687,754), and U.S. Serial No. 500,446, filed June 2, 1983, now abandoned, and 
in U.S. Serial No. 721,894, filed April 11, 1985 (now U.S. Patent No. 4,711,864). 

The instant invention relates to a new process wherein a large pore zeolite in combination with at least 

30 one inorganic oxide matrix component is contacted with solutions or slurries of specific fiuoro salts of 
specific elements,, as discussed hereinafter, to provide zeolite-containing catalyst useful in hydrocarbon 
conversion processes. 

35 SUMMARY OF THE INVENTION 

The above discussion of the prior art is instructive in appreciating the rather unusual and novel results 
observed in the instant invention. One of the most striking attributes of the instant invention is the heretofore 
unknown ability to achieve a catalyst comprising a iarge pore zeolite and inorganic oxide with a Na 2 0 

40 content (weight percent) less than about 2.0 weight percent, based on the weight of the zeolite, or less than 
about 0.3 weight percent, based on the total catalyst weight, without the need of a calcination step to 
promote removal of Na^O or by use of a commercially unrealistic number of ion exchange steps. Such a 
process has not heretofore been disclosed, wherein Y zeolites are employed as components in catalysts 
without the use of a calcination step during their preparation. In fact, the prior art discloses the contrary. For 

45 example, U.S. Patent No. 3,333,983 discloses treatment of a Y zeolite with solutions of ammonium 
fiuorosilicate and ammonium sulfate. At column 12 of U.S. Patent No. 3,933,983 in Table IV, the treated 
samples all have a Na*0 content of greater than 3.35 percent by weight (dry basis). Table IV also discloses 
that it was necessary to calcine the zeolites at temperatures of 600 " F prior to the rare earth exchange to 
achieve a reduction in the NazO 'content Such calcination procedures have been employed heretofore in 

50 the prior art tc provide for a thermal redistribution of the Na2 0 present in the zeolite. 

The instant process relates to the preparation of catalysts by treatment of a physical mixture of a large 
pore zeolite and an inorganic matrix with specific fiuoro salts. The catalysts are useful in hydrocarbon 
conversion processes and in particular in catalytic cracking processes. Although the mechanism by which 
such novel catalysts are generated is not entirely understood, it Is clear that the interactions of the zeolite, 

55 inorganic oxide matrix and the fiuoro salt, in slurries having a pH greater than 3, or greater than 7 in an 
embodiment, are unique in their ability tc provide a final catalyst having a Na 2 0 content less than about 2.0 
percent based on the zeolite weight, or 0.3 percent by weight based on the total catalyst weight, as 
characterizec by the fact that such may be achieved without the requirement of a Na 2 0 calcination of the 
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catai/s: or zeolite containec ir the catalyst. = urther, it is evident that secarate treatment of me zeolite ana 
inorganic oxice matrix with sucseauent mixture to form tne catalysts coes no: result »r a catalyst navinc the 
same catalytic characteristics as the catalysts of the instant invention. Although a thermal calcination is net 
required to achieve catalysts raving iow Na^O contents, it is clear that the treatment of mixtures of a large 
5 pore zeciite anc ar inorganic cxiae matrix may orovide ceneficiai results when such calcinations are earned 
out on the finishec catatyst and accoraingly, optional calcinations are not excluded iron tne scope of tne 
instant invention. 

The hydrocarDon conversion processes of the instant invention employ catalysts prepared by contacting 
a mixture of a large pore zeolite and an inorganic oxiae matrix w:tn an elective amount of a fluoro salt of 
io the ; ormuia: 
A, n .n, ; (MF„>, 

wherein "A" is an organic or inorganic ionic moiety, e.g. ammonium or quaternary ammonium ions: A, n . m , - 
(MF^ : is a fluorcanion moiety comprising the eiement "M"; "M" is an element selected from the group of 
elements from Groups VB, VIB, VMS, VIII, IMA, IVA anc VA of the Periodic Table of Elements (Sargent - 

75 Welch Scientific Company) and rare earth elements; representative of permissible elements, i.e.. "M", are 
boron, aluminum, gallium, silicon, phospnorus, antimony, bismuth, palladium, platinum, iridium, iron, 
rhenium, molybdenum, tantalum and titanium; "n" is the coordination number of "M": "m" is the vaience of 
"f/i" anc "z" is tne vaience or cnarge assoc. ated with "A". Tne 'uorc sail is oresent m ar, effective amount 
anc may be in the form of an aquecus solution or slurry. The effective amount of fluoro salt is preferably an 

20 amcunt of at least 0.0Q75 moies per 100 grams of the large pore zeciite on an anhydrous basis. The 
aqueous slurry of the fluoro salt, zeolite and inorganic oxide matrix component(s) has a pH greater than 
about 3, preferably having a pH within the range of about 3 to 7, more preferably between about 4 tc 7, and 
most preferaoly between about 4 and about 6.5, and is employed at effective conditions of temperature and 
time, Alternatively, the aqueous solution or slurry of the fluoro salt, zeciite and matrix component nas a pH 

25 greater than about 7, preferably having a pH within the range of 7.5 to about 9, more preferably between 
about 7.5 and about 8.5, at effective conditions of temperature and time, it has been found that catalysts 
processed at pH ranges of 3 to 7 generally have lower Na2 0 contents, thus produce higher selectivity in 
catalytic cracking processes at the expense cf some loss in activity. On the other hand catalysts processed 
at pH values greater than 7 have higher Na 2 0 contents than catalysts processed at pH 3 to 7 (but still lower 

30 than similar catalysts prepared without fiuorcanion treatment), giving better crystailinity retention and higher 
catalyst activity in catalytic cracking, with somewhat lower selectivity. 

The catalyst product obtained after the treatment with the fiuoro salt is then preferably treated by 
ammonium exchange the procuct with ammonium ions, preferably in an amount of between about 1 .0 to 10 
moies of ammonium ions per 100 grams of the large pore zeoiite, the weight of zeolite being on an 

35 anhydrous basis. The resulting catalysts have a Na2<0 content less than about 2.0 percent by weight, 
preferably less than 1 .5 and more preferably less than 1 .0, based on the totai weight of the large pore 
zeolite, or less than about 0.3 percent by weight, preferably less than 0.2 and more preferably less than 0.1, 
baseo on the total weight of the catalyst. 

The above catalysts may be provided with a cataiyticaily effective amount of at least one rare earth 

40 cation selected from the group consisting of cerium, lanthanum, praseodymium, neodymium, promethium, 
samarium, europium, gadolinium, terbium, dysprosium, hclmium, erbium, iutetium, thulium and ytterbium to 
provide, preferably, between about 0.1 percent by weight and about 20 percent by weight, based on the 
total weight of the iarge pore zeolite employed in the catalyst, of at least one or more of the aforementioned 
rare earth cations. 

-45 The catalysts described herein have been patented, and accordingly the processes of the present 

invention for the catalytic conversion of hydrocarbons under effective conversion conditions, e.g., catalytic 
cracking of crude oil-derived feedstocks jnder effective cracking conditions, comprise contacting a 
feedstock as disclosed herein with at least one catalyst as claimed in U.S. Patent Nc. 4,588. 701 or 
4,591,575, which patents are incorporated herein by reference thereto. 

- so 

DETAILED DESCRIPTION OF THE INVENTION 

The oresent invention relates to processes for the use of new catalysts prepared by contacting a 
55 mixture cf a large pore zeolite and an inorganic oxide matrix with an effective amcunt of a fluoro salt of the 
formula: 

wnerein "A" is an organic or inorganic ionic moiety, e.g., ammonium and quaternary ammonium ions; A (rwn) - 
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(hAF n)2 is a ftuoroanion moiety comprising the element "M"; "M" is an element selected from the group of 
elements from Groups VS. VIB, VIIB, VIII, l!IA, IVA, and VA of the Periodic Table of Elements (Sargent - 
Weich Scientific Company) anc rare earth elements, such as, for example, boron, aluminum, gallium, 
silicon, phosphorus, antimony, bismuth, palladium, platinum, iridium, iron, rhenium, molybdenum, tantalum 
and titanium; "n" is the coorcination number of "M"; "m" is the valence of "M n ; and N z" is the vaience or 
charge associated with "A". The fiuoro salt is employed in an effective amount to achieve the desired Na 2 0 
level and is preferably an amount of at least 0.0075 moles per 100 grams of the large pore zeolite, on an 
anhydrous basis. The aqueous slurry of the fluorc salt, iarge pore zeolite and inorganic oxide matrix has a 
pH greater than 3. preferably having a pH within the range of aoout 4 to aoout 7. and more preferaoly 
between about 4 anc about 6.5, and ts reacted at effective conditions of temperature and time. Alternately, 
the aaueous solution or slurry of the fiuoro salt, zeolite and matrix component has a pH greater than aoout 
7, preferably having a pH within the range of 7.5 to about 9, more preferably between about 7.5 and about 
8.5. and is reacted at effective conditions of temperature and time. The product is preferably treated by 
ammonium exchanging the resultant product of the fiuoro salt treatment with ammonium ions, prefer in an 
amount of between about 1 mole to about 10 moles or ammonium ions per 100 grams of the iarge pore 
zeolite, on an anhydrous basis. The resulting catalysts have a Na 2 0 content less than about 2.0 percent by 
weight, preferably less than 1.5 and more oreferabiy iess than 1.0 oercent by weight, based on the total 
weight of the iarge pore zeolite or less than about 0.3 percent by weignt, preferably less than 0.2 anc more 
preferably less than 0.1, based on the total weight of the catalyst, and such can be acnieved without a 
Na 2 0 calcination, as described hereinafter. The Na 2 0 contents of the catalysts are described in alternative 
terms as based upon either the weight of the zeolite or the total weight of the cataiyst since the finished 
catalyst is most easily analyzed for overall Na 2 0 content but the amount actually present in the zeolite 
component is believed to be at least partially responsible for the effectiveness of the catalyst. However, 
after treatments in preparation of the catalyst have been carried out, it is difficult to determine the relative 
proportions of Na 2 0 present in the zeoiitic or matrix components, and the overall concentration of Ha 2 0 in 
the catalyst as well as the concentration in the zeoiitic component may be significant in the effectiveness of 
the catalysts in various conversion processes such as catalytic cracking. Generally, the most effective 
catalysts are obtained by minimizing the Na 2 0 concentrations in both zeolite and matrix. LOW soda content 
in the catalyst, particularly in the zeolite component, generally produces greater selectivity for high octane 
gasoline products in catalytic cracking processes, which is of considerable commercial advantage. 

Further, the catalysts of this invention may be provided with a cataiyticaily effective amount of at least 
one rare earth cation, wherein the term "rare earth cation" is employed to denominate at least one cation 
selected from the group consisting of cerium, lanthanum, praseodymium, neodymium, promethium, 
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, lutetium, thulium and ytterbium. 
The rare earth cation is present in an amount to provide between about 0.1 percent by weight and about 20 
percent by weight, expressed as the oxide, based on the total weight of the zeolite component employed in 
the catalyst, of at least one of the aforementioned rare earth cations. Rare earth cations are preferably 
present .n an amount between about 1 percent by weight and about 12 percent by weight and more 
preferably in an amount between about 2 percent and about 9 percent -by weight, based on the total weight 
of the iarge pore zeolite employed in the catalyst. 

In this disclosure, including the appended claims, the terms "Na 2 0 calcination" or characterization of a 
large pore zeolite or catalyst as "non-calcined" are employed to denominate a thermal treatment of the 
large pore zeolite (alone or in combination with the inorganic oxide matrix) at an effective temperature to 
effect a thermal redistribution of cations, e.g., alkali metal cations, associated with the zeoiite to promote 
removal of such by ion exchange. The term "Na 2 0 calcination ■ as such aopiied to Na 2 0 removal from a 
zeolite, and is generally understood by those skilled in the art of zeolites to include treatments at 
temperatures of 300* C or greater for about 1 hour, since at such a temperature and for such a period of 
time at least some redistribution of the cations associated with the zeolite is effected. For example, in the 
commercial preparation of catalytic cracking catalysts the zeolite is calcined to a temperature of 500 C or 
greater to redistribute Na 2 0 and facilitate ion-exchange of sodium ions in a post-caicination ion exchange. 
Processes, such as spray drying, which are carried out at temperatures of about 200 C for a perioc of 5 
seconds or less are not considered to come within the scope o* the term "Na 2 0 calcination since such 
processes are not carried out to remove cations associated with the zeolite and are of such short duration 
that no redistribution of the cations associated with the zeolite occurs. Further, a thermal treatment step 
which is not followed by a cation exchange, e.g., ammonium ion or rare earth cation exchange, is not a 
"Na 2 0 calcination" within the meaning of this invention, since such has not been earned out to effect the 
removal of metal cations, e.g. sodium or other alkali cations associated with the zeoiite. and as a result 
facilitate by thermal means an increase in the ease of ion exchange of such cations. Although a thermal 
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some extent upon the pnysicai and cnemica: properties of the particular form of iarge oore zeciite and the 
panicutar inorganic oxiae matrix component(s). as well as other process conditions as herein discussed in 
the ; ns:an: aopiication. The effective amount of flucro salt tc be adced is tnat amount which achieves a r'inai 
pro cue: having a Na2-0 content iess than 0.3 percent cy weight based on the tota; weight of tne catalyst, cr 

5 iess :han 2.0 'percent by weight based on :he zeolite, witnout the use of Na^O calcination step. The effective 
amount of fiuoro salt is preferably greater than 3.0075 moles of fiuoro sal: per 10C grams of the ;arge pore 
zeciite. based on the annycrous weignt of tne zeolite, anc is Dreveraoly between aDOut 0.01 anc about 0.25. 
in one embodiment, a Y zeciite is emoicyed and tne preferrec value of fluorc salt is oetween aoout 0.C5 to 
about 0.25 moles of fiuoro salt per 100 grams of iarge pore Y zeciite, based on the anhydrous weignt cf the 

7 0 V zeolite. 

The effective concentration of the ammonium salt ir the ammonium exchange step may be correlated 
with the temperature anc contact time between the mixture of the large pcre zeciite anc inorganic oxiae 
matnx and the ammonium-containing solutions. Ammonium salt solution naving ammonium ion concentra- 
tions of from 10~ 3 mcies per liter of solution up to saturation can generally be employed herein. The 

:5 effective amount of ammonium ion is oreferably in the range of between about 1.0 and about 20.0 mcies 
per 1 00 grams of large pcre zeolite, on an anhydrous basis, preferably between about 1.0 and aoout 10.0 
and more preferably between about 1.5 and about S.O moies of ammonium, per 100 grams of iarge oore 
zeoiite. basec on the annyarous weight. This effective amount of ammonium ion may oe providea in a 
single ion exchange stec, but is usually anc preferably providec in two or more ion exchange steps. The 

20 ammonium salt solutions may be formec from any organic or inorganic species that forms ammonium ions 
on addition to water. Representative salts are ammonium salts, such as ammonium carbcxyiates (e.g., 
acetate), nitrate, sulfate, chloride, bromide, fluoride, carbonate and the like. In one embodiment ammonium 
ions are provided with the fiuoro salt to effect ammonium exchange of the catalyst coincident with the fiuoro 
salt treatment. In this embodiment the ammonium ion concentration is greater than that present as a result 

25 cf any ammonium ion present as a result of the fiuoro salt. 

It is desirable that the integrity of the starting zeolite crystal structure be maintained throughout the 
instant process. The-'rate of contacting of the mixture of large pore zeolite and inorganic oxide matrix with 
the fiuoro salt is preferably at a rate such that the starting zeoiite retains in the final catalyst at least 40, 
preferably 50, more preferably 60, still more preferably 80, and most preferably at least 90 percent of its 

30 original crystaliinity. Retention of crystallinity in excess of 30 percent has been observed. Further, the use of 
fiuoro salt solution or slurry having a phi greater than 7 has been observed to provide catalyst products 
having higher degrees of crystallinity cf the zeolite component than those observed for fiuoro salt solutions 
having a pH less than 7. This retention of crystallinity can result in a reduction in the total amount of zeolite 
which must be employed in the finished catalyst. Fiuoro salt solutions having a pH less than about 3 should 

35 be avoided as they tend to destroy the crystallinity of the zeolites. 

Techniques for measuring crystallinity of zeolites are well known. A convenient techniaue for assessing 
the crystallinity of the Y zeolite relative to the crystallinity of the starting Y zeolite is the comparison of the 
relative intensities of the c-spacings of their respective X-ray powder diffraction patterns. The sum of the 
peak areas, in terms of arbitrary units above background, of the starting material is used as the standard 

40 and is compared with the corresponding area heights of tne products. When, for example, the numerical 
sum of the area heights of the product is 35 percent of the value of the sum of the area heights of the 
starting zeolite, then 85 percent cf the crystallinity has been retained, in practice, it is common to utilize 
omy a portion of tne d-spacing peaks for this purpose, as for example, five of the six strongest d-spacings. 
in zeciite Y, these d-spacings correspond to the Miller indices 331 . *4Q, 533. 642 and 555. Other indicia of 

45 the crystallinity retained by the zeolite product are the degree of retention of surface area and the degree of 
retention of the acsorption capacity. Surface areas can be determined by the well-known Brunauer-Emmett- 
Teiler method (B-E-T) as described in J. Am. Chem. Soc, 60, 309 (1938) using nitrogen as the adsorbate. 
In determining the acsorption Capacity, the capacity for oxygen at -183* C at 100 Torr is preferred. 

The essential X-ray powder diffraction patterns may be obtained using standard X-ray powder 

50 diffraction techniques. The radiation source is a high-intensity, copper target, x-ray tube operated at 50 Kv 
and 40 ma. The diffraction pattern from the cooper K-alpha radiation and graDhite monochromator is 
suitably recorded by an X-ray spectrometer scintillation counter, pulse-height analyzer and strip-chart 
recorder. Flat compressed powder samples are scanned at 2* (2 theta) per minute, using a 2 second time 
constant. Interplar.ar spacings (d) are obtained from the positions of the diffraction peaks expressed as 29. 

55 where 6 is the Bragg angle, as observed on the strip chart. Intensities are determined from the heights of 
diffraction peaks after subtracting background. 
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INORGANIC OXIDE MATRIX COMPONENTS 

The catalysts of the present invention are formed from at least one arge pore zeolite and at least one 
inorganic oxide matrix component. As aforementioned, the large pore zeoiite and inorganic oxide matrix 

5 component(s) are pnysically combined prior to the treatment with the fluoro salt solution or slurry, and this 
has been found to provide numerous advantages. 

The inorganic oxide matrix may be a porous alumina matrix having discrete particles of various porous 
aluminas and/or crystalline aluminas. Porous alumina matrices are generally in the form of discrete particies 
having total surface areas, as measured by the method of Brunauer, Emmett and Teller (BET), of greater 

ic than about 20 square meters per gram (M 2 /g), preferably greater than about 40M 2 /g, and more preferably, 
from about 100 M 2 /g to about 300 M 2 /g. The pore volume of such alumina matrices will typically be greater 
than 0.35 cubic centimeters per gram (cc/g). The average particle size of such alumina particles is generally 
less than 10 microns and preferably less than about 3 microns. The alumina matrix may be preformed and 
placed in a physical form such that its surface area and pore structure, if any, are stabilized so that when it 

is is adaed to an impure, inorganic gef containing considerable amounts of residual soluble saits, especially 
sodium saits, the saits will not aiter the surface and pore characteristics measurably nor will they promote 
chemical attack on preformed porous aluminas. For examole, the alumina matrix may be an alumina which 
has Deen formea by suitaoie chemical reaction, slurry aged, fiiterec. criec. wasnec substantially free of 
residuai salt, eg.g. Na2SG4, and then heated to reduce its volatile content to less than about 15 weight 

20 percent. The alumina binder may be present with the zeoiite and any other inorganic oxide matrix 
component in an amount ranging from about 1 to about 99 weight percent and is often present in an 
amount from about 5 to 90 weight percent, based on the total weight of the finished catalyst. Further, an 
alumina hydrosol or hydrogel or hydrous alumina slurry may be used initially in the preparation of the 
catalyst as orecursor of the discrete particles of alumina in the final catalyst. British Patent Specification No. 

25 1,315,533, published May 2, 1983, incorporated herein by reference, is representative of an inorganic matrix 
formed using an alumina sol. 

A wide variety of inorganic oxide matrices may be employed in addition to or in substitution of an 
alumina matrix. Representatives of such matrix systems are disclosed in U. S. Patent Nos. 3,446,727 and 
4,086,187, such U.S. Patents being incorporated herein by reference. Accordingly, inorganic oxide matrices 

30 which are employable herein include amorphous catalytic inorganic oxides, such as silica, alumina, silica- 
aiumina, siiica-zirconia, siiica-magnesia, alumina-boria, alumina-titania and the like and mixtures thereof. The 
use of acid silica and acid alumina sols are representative of silicas and aluminas employed in forming such 
matrices. The inorganic oxide gel may be an amorphous silica-alumina component such as a conventional 
silica-alumina cracking catalyst, several types and compositions .of which are commercially available. These 

35 materials are generally prepared as a cogel of silica and alumina or as alumina precipitated on a preformed 
and preaged hydrogel. U.S. Patent No. 4,086,187 is representative of an inorganic matrix formed using an 
acid silica sol. The silica may be present as a component in the solids present in said gels in an amount 
between about 10 and about 99 weight oercent and often between about 20 and about 90 weight percent. 
The silica may also be employed in the form of a cogel comprising about 75 weight percent silica and 

40 about 25 weight percent alumina or comprising about 87 weight percent silica and about 13 weight percent 
alumina. 

Another method of preparing such catalysts employing silica-alumina and porous alumina is to react 
sodium silicate with a solution of aluminum sulfate to form a silica/alumina hyclrogel slurry which is then 
aged to give the desired pore properties, filtered to remove a considerable amount of the extraneous and 

45 undesired sodium and sulfate ions and then resiurried in water. The alumina may be prepared by reacting 
solutions of sodjum aluminate and aluminum sulfate under suitable conditions, aging the slurry, to give the 
desired pore properties of the alumina, filtering, drying, reslurrying in water to remove sodium and sulfate 
ions anc drying to reduce volatile matter content to less than 15 weight percent. The alumina may then be 
slurried in water and blended in proper amounts with a slurry of impure silica-alumina hydrogel. The zeoiite 

so component(s) may then be added to this biend. A sufficient amount of each component is utilized to give 
the desirec final composition. The resulting.^ mixture is then filtered to remove a portion of the remaining 
extraneous soluble salts therefrom. The filtered mixture is then aried to proauce dried soiids. The dried 
solids are subsequently resiurried in water and washed substantially nee of the undesired soluble salts. 
The catalyst may then be dried to a residual water content of less than about 15 weight percent. 

55 The inorganic oxide matrix component will typically be present in the catalyst in an amount between 
about 10 and about 99 weight percent, preferably between about 30 and about 80 weight percent, based on 
the total catalyst. It is also within the scope of the instant invention to employ other materials with the final 
cracking catalysts, including various other types of molecular sieves, e.g., aiuminoDhcspnates, 
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snicz-aluminopnospnates anc zeolites, c;ays (such as kaolin cay), carbon monoxide oxiaation promoters, 
etc. 

it is anticipated tnat the catalyst in .most instances will include between about 5 and about 40 weignt 
percent of a large pore zeolite and a clay comconent, preferably a Kaolin ciay, in an amount between aoout 

5 30 and aocut 35 percent by weignt based on :he total weight of trie catalyst. The preferred catalysts will 
contain between aoout 10 and about 25 weight percent of a large pore zeolite, preferably a Y zeolite, and 
between acout 5 percent by weignt and about 25 percent by weight of a siiica and/or an alumina 
component, and between aoout 45 percent by weight and about 75 percent by weight of a ciay, preferably 
kaolin clay, such weights being based on the total weight of the catalyst. 

io The finished cataiyst, formed of at least one large pore zeolite and at least one inorganic oxide matrix 

component may be formeG into the final form for the catalyst by stanaard cataiyst forming tecnniques. 
Such catalysts are generally formed by spray arying proceaures, such procedures oeing well known in the 
art, or may be formed as extruded pellets. Catalysts may be extruded througn a one eighth inch extruder to 
form pellets and the pellets dried at about 11Q*C. The extruded pellets may be dried in an air purge, e.g., 

75 at a programmed temperature increased from room temperature to about 220 *C over a 1.5 hour period, 
and may be further then heated to 480 " C over a period of 1 .5 hour and held at 480 * C for i .5 hour if 
desired. Such pellets may then be crushed and sizec to the desired oarticle size, e.g., less than 150 
microns. 

The combination of the large pore zeolite and the inorganic oxide matrix may be exchanged with 

20 ammonium and/or other cations before treatment with the fiuoro salt. Such ion-exchange steps are generally 
carried out by slurrying the mixture of zeolite and/or inorganic oxide matrix with between 5 to 15 volumes of 
water per the volume of large pore zeolite and/or inorganic oxide matrix after which a salt of the selected 
cation, e.g., ammonium or rare earth cations, may be added to the siurry. The resulting mixture is typically 
heated to a temperature above about 50 "C for a period between about 0.5 hours and abut 3 hours. The 

25 mixture is then filtered and water-washed until excess anion is removed. The process is typically repeated 
one or more times according to the above described procedure. Techniques for the ion-exchange of 
matrixed catalysts are disclosed in U.S. Patent No. 3,330,987, incorporated herein by reference thereto, and 
such are generally employable herein. 

The instant catalysts are well suited for use in ail types of catalytic cracking processes. Such processes 

3G can be conducted in any conventional catalytic cracking manner by employing the cracking catalysts of the 
instant invention. The catalysts of this invention are particularly applicable to fluid catalytic cracking (FCC) 
processes. Suitable catalytic cracking conditions include a temperature ranging from about 400* F. to about 
1300* F, Preferably from about 700 "F to about 1300* F, more preferably from aoout 900 *F to about 
11 00 F, and a pressure ranging from subatmcspheric to about superatrnospheric pressure, typically from 

35 about atmospheric to about 100 psig. The process may be carried out in a fixed bed, moving bed, 
ebulliating bed, slurry transfer line, riser unit, batch wise or ftuidized bed operation. The catalysts of the 
present invention can be used to convert any of the conventional hydrocarbon feeds used in catalytic 
cracking, e.g., crude oil-derived feedstocks, that is, it can be used to crack naphthas, gas oils and residual 
oils, including those having a high content of metal contaminants. It is especially suited for cracking 

4Q hydrocarbons boiling in the gas oil range, that is, hydrocarbon oils having an atmospheric pressure boiling 
point ranging from about 450* to about 1100* F. to naphthas to yield not only products having a lower 
boiling point than the initial feed but also products having an improved octane number. Hydrocarbon 
fractions employable herein include gas oils, residual oils, cycle stocks, whole top crudes and heavy 
hydrocarbon fractions derived by the destructive hydrogenation of coal, tar pitches, asohalts and the like. 

45 

EXAMPLES 

The present invention is illustrated by the following non-limiting exampies: . 

so • • ; . : - : 

Exampies 1 to 7 



55 Catalysts were formed by preparing cataiyst formulations having the following relative proportions on a 

dry weight basis: 
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Component 


Weight 




Percent 


Zeolite Y (Y-52) 


18 


Si0 2 


20 


Kaolin clay 


62 



The Si0 2 source was an acid silica sol prepared using an aqueous acid solution prepared from 9.4 
percent mineral acid, bufferec tc a pH of about 3. The mixture was then cooied to room temperature (18C - 
22 *C). This mixture was mixed with a 53 weight percent aqueous solution of Na2Si0 3 by pumping the two 
solutions through a mixer. The relative flow rates of the two solutions were adjusted to maintain the pH of 
the product at about 2.8 and solid products, if any, were removeG as formed. 

The catalysts were formed by adding the kaolin clay component to the acid silica sol containing 6.3 
percent by weight S\0 2 in water. The mixture was blended for aboutiO minutes. The zeolite Y was adaed 
to this mixture with enough water to give a slurry having 25 percent by werght solids. The ph of the mixture 
was adjusted to iess than 4.5 (4.3-4.4) by addition of sulfuric acid. The mixture was then mixed for 10 
minutes. The mixture was then spray dried ar 175*C (contact time iess than about 5 seconas) and the 
product sized to exclude particles greater than 150 microns. The final catalyst nad an average particle size 
of about 64 microns. 

The spray dried mixture was then employed to form a catalyst using one of the following methods. 



Method A 



The spray dried mixture of zeolite, Si0 2 and kaolin clay is employed to form a catalyst by preparing a 
slurry of 500 grams of the mixture in 4 liters of water at 75* C. The slurry is mixed for 5 minutes and 
filtered. The filtered solid is reslurried in 4 liters of a (NH^hSO* solution at 75* C where the solution is 
prepared by dissolving 200 grams of (NHO2SO4 in 4 liters of distilled water. The slurry was mixed for 30 
minutes. A 10 percent by weight solution of ammonium hexafluorosilicate solution was added to the slurry 
by adding 168 milliliters dropwise over a period of one hour. The mixture was then cooled to 50 C. To this 
mixture there was added 54.2 grams of AI 2 (S04.) 3 . The resulting mixture was mixed for two hours, filtered, 
the solid product washed with 2 liters of distilled water at 50* C and filtered, and then the solid product was 
slurried at 50* C in 4 liters of an (NH^SCU solution (160 grams of (NHLhSO* in 4 liters of H 2 0), mixed for 
10 minutes and filtered. The solid product was then washed with 4 liters of distilled water at 50 *C and 
filtered. The previous step is repeated two additional times except that instead of washing the solid product 
with 4 liters of distilled water the product is washed with 10 liters of water at 50 ' C which has had the pH 
adjusted to 9.0 by addition cf NhUOH. The wash liquid is tested for sulfate anions and washing continued 
until sulfate was not qualitatively detected (less than about 500 ppm). The final solid product was either air 
dried for 10 to 24 hours or was dried overnight (6 hours to 12 hours) at 100* C in air. 



Method B 



Method B is similar to Method A except that the mixture of zeolite Y, silica and kaolin clay was treated 
with an aqueous (NH*) 2 SCU solution after the slurry was filtered and before resiurry of the filtered solid with 
the 4 liters of (NhLhSO* solution. This ((NH*) 2 SCU treatment step was carried out similar to the finaJ (NH*)- 
2 SO* treatment steps employed in Method A. Further, the final treatment step of Method A involving (NH*.)- 
2 SO* was carried out only twice instead of the three times of Method A. 

The catalyst prepared in example 1 was analyzed for Na 2 0, SiC 2 and Al 2 Oa- In addition, spray dried 
samples were analyzed of: 1) a mixture of zeolite Y (sodium form), the kaolin clay and the Si0 2 , as 
employed in examples 1 to 19; and 2) of the kaolin clay and Si0 2 . The chemical analyses were as follows: 
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Sample 


Na 2 0 




Ai 2 C 


Na 2 CT 


Example 1 


0.1 


36.34 


30.1 




NaY zeolite 


8.4 


57.22 


3.11 


6.93 


Kaolin Clay 


5.9 


55.9 


31.6 


5.S 



* Percent of reooaea Na 2 0 cresen; as Na?SOc 

The catalysis of examples 1 to 7 were evaluated by microacrivity tests (MAT) according to ASTM test 
iq method D-3907 employing a feedstock having ar API gravity of 24.0* , an IBP (Initial Boiiing Point) of 
354* F, a F3P (Finai Boiling Point) of 1077* F and a UOP K "actor of 1 1.8. The UOP K Factor is defined as 



rs 



d 



2G 



at ere "T 3 M is the average soiling poin* in degrees Rankine and "d" is the specific gravity 60 .'60 f. The 
percent coke, selectivity tc gasoiine proauc;s and percent conversion are set forth in Table I. Gasoline 
procucts are hydrccaroon products containing Cs hydrocarbons (boiling at about 110* F) to hydrocarbons 
boiling at or below 430 ' F. Coke refers to hydrocarbons which are adsorbed by the catalysts and are not 
removed by stripping. 
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TABLE 



Examole 


Steaming 


Method 


Rare 


Na 2 0 


% Coke 


% Gasoline 


Percent 




Temperature 




Earth 2 






Selectivity 3 


Conversion 3 




(F) 1 














1 


1450 


B 


0 


0.14 


0.51 


79.2 


49.5 


2 


1450 


A 


0.75 


0.21 


0.57 


79.2 


59.4 


3 


1450 


B 


0.75 


0.13 


0.88 


77.6 


59.3 


4 


1450 


1 A 


2.7 


0.21 


0.82 


79.2 


57.9 


5 


1450 


B 


1.95 


0.13 


0.73 


76.3 


62.5 


6 


1500 


A 


0 


0.23 


0.62 


77.0 


57.8 


7 


1450 


A 


0.5 


0.21 


0.47 


77.2 


55.9 



30 



35 



40 



1 All catalysts were steamed prior to testing by employing 100% steam (weight basis) for 2 hours. 

2 Weight percent based on total catalyst weight. 

3 % Conversion is defined in ASTM test method D-3907. % Gasoline is the (weight of gasoline 
product/weight of feedstock)/( Percent Conversion). % Coke is the (weight of coke)/(weighi of 
feedstock). 
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Examole 8 



so 



55 



A catalyst was prepared according to Method B as above described, to show that a catalyst treated 
only with an equivalent molar amount of ammonium sulfate solution, as obtained by use of the ammonium 
fiucro salt solutions and ammonium sulfate solutions employed in Examples 1-7, does not provide a cataiyst 
having a final Na 2 0 content iess than .0.3 percent by weight based on the total catalyst weight. The cataiyst 
was prepared according to Method B by substituting a solution of ammonium sulfate containing an 
equivalent molar amount of ammonium ion for the ammonium hexafluorosilicate and aluminum sulfate 
solution employed in Method 3. The final cataiyst contained 0.412 weight percent Na 2 0 and zero weight 
percent rare earth, exoressed as the oxide. 

These results demonstrate the importance of preparing the catalyst according tc this invention by 
treatment of the large pore zeolite and inorganic oxide matrix with a ftuorc salt and not simply with 



12 



EP 0 320 860 A2 



ammonium-containing solutions. 

Examples 9 to 11 

5 

Three catalysts were prepared as in examples 1..Jto. 7, according to Method B, except that quantities of 
10, 30 and 40 oercent by weight of the zeoiite Y component, respectively, in examples 9, 10 and 11, were 
employee insteac of the 13 percent by weight employed in examples 1 to 7. A oortion of the ciay 

ro component was added or removed to- compensate for the change in the weight percent of the zeolite 
component The cataiysts were not treated with rare earth cations. Contents of Na2 0 comparable to the 
catalysts of Table I were obtained. 

The three catalysts were steam deactivated in 100 percent steam (volume basis) for 2 hours at the 
temperatures set forth in Table il and wnen .two temperatures were empioyea such were denominated as 

75 Runs A or B. The catalysts were evaluated according to the procedure employed for examples 1 to 7 and 
the following resuits obtained, as shown in Table II: 

TABLE II 



20 



example 


Run 


Temp 
f F) 


% NajO 


Coke* 


% Gasoline 
Selectivity" 


% Conversion* 


9 


A 


1450 


0.16 


0.59 


70.9 


44.5 


10 


A 


1450 


0.25 


0.95 


71.9 


63.5 


10 


B 


1550 


0.25 


0.40 


80.3 


44.2 


1 1 


A 


1450 


0.15 


1.12 


74.3 


70.7 


■ 1 1 


B 


1550 


0.15 


0.56 


72.7 


56.0 



'As defined in Table I 



■ 30 



Example 12 

35 

A catalyst was prepared according to Method B except that the 13 weight percent Y-52 was replaced 
by 18 weight percent LZ-210 (silica-to-alumina ratio of -6.5) containing 2.5 weight percent Na20 based on 
the weight of LZ-210 and zero percent by weight rare earth. The catalyst was treated at 1450 F in 100 
percent steam for 2 hours and evaluated by the procedure employed for examples 1 to 7. The results of the 
40 evaluation and of the % Gasoline Selectivity and % Coke were as follows: 





% Conversion 




53.1 




% Gasoline Selectivity 




73.5 


45 


% Coke 




0.82 



Example 13 

50 

A catalyst was prepared according to Method B, except that the pH of the catalyst slurry was 
maintained at pH 7 by continuous addition of 20 weight percent aqueous NHL OH during the addition of the 
fluoro sait. The catalyst contained 0.39 percent by weight Na^O. based on the weight of the finished 
55 catalyst. The catalyst was treated in 100 percent steam for 2 hours at 1450* F. 

The catalyst was evaluated according to ASTM test method D-3907 as described for examples 1 tc 7 
and the % Conversion and % Gasoline Selectivity were as follows: 
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% Conversion 59.9 
% Gasoline Selectivity 74.6 



Examoie 1 4 



A catalyst was preparec as in examples 1 tc 7, according to Method B, except :he addition cf aluminum 
sulfate was omitted. Two portions of the catalyst were treated in 100 percent steam for 2 hours at 1450 ' r 
ana 1550* F, respectively. The catalyst was evaluated according to ASTM res: method D-3907 as described 
for examples 1 to 7 and gave the following results: 



75 



Catalyst Portions 


1 


2 


Deactivation Temp, i * r) 


* 450 * F 


1 550 * F 


% Conversion 


42.5 


39.5 


% Gasoline Selectivity 


78.3 


S2.3 


% Coke 


0.43 


0.39 


% Na 2 0' 


0.13 


0.13 


% RE2O3" 


0 


• 0 



'based on total catalyst weight 



25 



Example 1 5 



A catalyst was prepared as in examples 1-7 according to Method B except that the ammonium 
fluorosilicate was replaced oy (Nhk^TiFs. The amount of (NKO2TIF5 employed was that amount required to 
furnish sufficient titanium to substitute 27.5% of the framework aiuminum atoms if 100 percent substitution 
of T1O2 tetrahedra for AIO2 tetrahedra occurred. The catalyst was not rare earth exchanged. Chemical 
55 analysis of the product gave the following: 





Weight 




Percent 


Si0 2 


53.4 


AI2O3 


30.11 


Na 2 0 


0.22 


Ti0 2 


3.55 



**5 

The catalyst was steam (100%) deactivated at 1450 F for 2 hours and evaluated according to the 
procedure employed for examples 1 to 7. The results were as follows: 





% Conversion 




59.2 


50 


% Gasoline Selectivity 




75.7 



55 Examples 17 to 25 and Comparative Example A 
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Example 16 



A catalyst was preparec as in example 12, except that the solution of ammonium hexafiuorosilicate and 
5 aluminum sulfate was replaced as described in example 20. Six portions of the catalyst (Runs A to F) were 
evaluated by rare earth exchanging the samples to a given rare earth content and by treatment of the 
catalysts in 100 percent steam for 2 hours at 1450*F, 1 500 * F or 1 550 * F. The catalysts were evaluated 
according to the procedure employed for examples 1 to 7 and gave the following results as shown in Table 
III. if these results are compared to those shown in Tables I and II, it can be seen that the methods of 
;c catalyst preparation utilizing the fluoroanion solutions produced catalysts having comparable catalytic 
activity, but much lower Na 2 0 contents, which would be expected to improve their selectivity for high 
octane gasoline products. 

TABLE HI 





Run 


Temp 


% Na 2 0 1 


% RE 2 0* 


% Coke 2 


% Gasoline 


% Conversion 






f F)- 








Selectivity 






A 


1450 


0.47 


0.75 


0.7 


75.6 


63.7 


20 


B 


1500 


0.47 


0.75 


0.4 


80.5 


47.2 




C 


1550 


0.47 


0.75 


0.2 


58.3 


6.9 




D 


1450 


0.47 


2.5 


0.94 


71.1 


56.6 




E 


1500 


0.47 


2.5 


0.58 


73.4 


47.5 




F 


1500 


0.47 


2/5 


0.19 


72.1 


14.2 



1 Based on total weight of the catalyst. 

2 As defined in Table I. 



Additional examples were carried out using catalysts prepared by: 

30 

Method C 



35 Method C is similar to Method A except that during the dropwise addition of ammonium hex- 
afiuorosilicate to the slurry, the pH of the slurry was maintained at pH 8 by addition of a 20 percent by 
weight aqueous solution of NHiOH by constant addition of the NhUOH. The step of slurrying with (NH*)- 
2 S0 4l mixing, filtering and washing was repeated only once rather than twice. 

When a catalyst was rare earth cation exchanged the rare earth exchange was carried out with a 

40 solution containing several rare earth chlorides in amounts sufficient to provide the desired rare earth 
contents. The rare earth chloride solution employed was obtained from Moiycorp, Inc., sold under Product 
No. 5240, and was the following chemical analyses, expressed as the oxides: 



45 





Weight 
Percent 


La 2 0 3 


60.0 


Nd 2 0 3 


21 .5 


Ce0 2 . 


.. 10.CL 


Pr 5 0 2 


7.5 


Other RE2O3 


1.0 



The rare earth chloride-containing solution was added to a slurry of the catalyst which had been adjusted to 
about pH 4.5 with acid. 



Examples 17 to 21 
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Four catalysts were prepared as describee aoove. The catalysts were steam deactivatec (100% steam ) 
for 2 hours to simulate the deactivation of cacking catalysts occurring ir. commercial cracking operation. 
The catalysis were chemically analyzed anc were evaluated oy mic reactivity testing (MAT) according to 
ASTM test methoc D-3907 as described aDOve. The chemical analysis, percent ccke. percent gasciine 
5 selectivity and percent conversion are set forth in Taole IV. Tne Percent (%) Conversion is as aefinec in 
ASTM test methoc D-3907 Tne percent gasoline selectivity :s the (weight of gasoiine product -weight of 
feeastock)/(%Conversion). The % Coke Is the (weignt or coke)/(weight of feedstock]. Gasciine orccucts are 
hydrocarbon products containing from Cs hydrocarbons (boiling at 110* F) to nycrocarbors ooiiing at 
430° F. Ccke refers to hycrocarbons which are aosorbea oy the cataiysts and not removec by stripping. 

to 

Table IV 



75 



Example 


Steam Deactivation 
Temperature ( F) 


NazO 1 


RE 2 C 3 1 


% Coke 


% Gasoline 
Selectivity 


% Conversion 


17 


1450 


0.31 


0.66 


1.19 


71.9 


67.4 




1550 


0.31 


0.66 


0.79 


76.9 


56.7 


19 


1 450 


0.29 


1.98 


1.49 


66.6 


73.3 


20 


1550 


0.29 


1.98 


0.98 


75.2' 


61 .6 


21 




0.34 


0 








22 


1550 


0.24 


0 


0.70 


77.1 


61.6 


23 


1450 


-0.30 


0 


0.79 


75.6 


57.4 


A 


1450 


0.13 


1.95 


0.73 


76.3 


62.5 



' Weight percent based on total catalyst weight. 



Example 22 

30 

The above catalyst preparation procedure C for catalysts 17 to 21 was repeated, except that no AI2- 
(SCi)2 was added after treatment with the ammonium fluorosilicate solution. The result of the chemical 
anaiysis of the product for Na 2 0 is also set forth in Taole IV. 

Example 23 



40 The above catalyst preparation procedure C for catalysts 17 to 21 was repeated, except that the 
ammonium fluorosilicate and aluminurn sulfate solution was added in one step instead of over a period of 
time. Tne pH of the solution was adjusted to pH 8 by use of NHL OH before addition to the zeolite slurry and 
the pH of the slurry was adjusted to pH 8 by use of Nl-UOH after mixture. The chemical analysis of the 
product and evaluation according to ASTM Test Method D-3907, as employed for examples 16 to 20 are 

<*£ aiso set forth in Table IV. 



Comparative Example A 



This is a comparative exampie where a catalyst was prepared as in examples 16 to 20 except that the 
pH of the slurry was less than pH 7 (approximately pH b to 6). The results of the evaluation of the product, 
as shown in Table . IV, show that the product was iess active than a product having similar rare earth 
content, as shown by comparison to example 19. The catalyst was evaluated according to the procedure 
55 employed for examples 16 to 20 after steam deactivation at 1450*F. Surprisingly, the high pH treatment 
results in a product containing a slightly higher Na 2 C content and exhibits a higher Na^O tolerance in the 
fmisned cataiyst wnile still providing an active catalyst. 
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Example 24 



A catalyst was prepared according to the procedure of examples 17 to 21, except that the catalyst was 
5 treated with an equivalent molar amount of an ammonium sulfate solution instead of with the ammonium 
Nuorosilicate whereby the ammonium sulfate solution contained an equivalent molar amount of ammonium 
ion as compared to that which was obtained by use of the ammonium hexaflucrosilicate solution employed. 
A cataiyst was prepared as in examples 17 to 21 except that no rare earth exchange was carried out. The 
final catalyst contained 0.412 weight percent Na2 0 and zero weight percent rare earth. 
to These results demonstrate the importance of preparing the cataiyst according to this invention by 
treatment of the large pore zeolite and inorganic oxide matrix with a fiuoro sait and not simply oy 
ammonium exchanging the zeolite-matrix composite. 

75 Example 25 

A caiaiys: was preparec by terming a slurry by mixing 20C grams of the zeolite V, $\C Z anc kaoiine 
clay spray dried mixture employed in forming the catalysts in examples 17 to 21 in 2 liters of water at 

20 75* C. The mixture was filtered and the filtered solid added to two liters of a 4 percent by weight aaueous 
solution of (NHu^SO*. to form a slurry. Tne slurry was blended for 10 minutes, filtered and the solid product 
washed with 1 liter of water. Tne solid product was again slurried in 2 liters of the (NH«.)2SO* solution, 
filtered and the solid product washed with .water as above described. The solid product was slurried in two 
liters of a 4 percent by weight aqueous solution of {NHL h SO*. The slurry was mixed for 30 minutes and the 

25 pH of the slurry adjusted to about 7.5 by addition of NhUOH. To this slurry was added 0.034 liters of a 10 
percent by weight aqueous solution of ammonium fluorosilicate. The solution was added in a single addition 
step. The pH of the slurry was readjusted to 7.5 by addition of MHiOH and the slurry maintained at pH 7.5 
by addition of NhUOH, as required, for 30 minutes. The slurry was cooled to 50* C. 21.7 grams of Ai 2 (S04)3 
added to the slurry mixed for 2 hours. The slurry was filtered and the solid product washed with 1 liter of 

30 water. The solid product was added to 2 liters of water. The solid product was added to 2 liters of a 4 
percent by weight aqueous solution of (NH^SO*. mixed for 10 minutes and filtered. The solid product was 
washed with 1 liter of water. The solid product was then washed with 10 liters of water having a pH of 9, 
formed by addition of NH*.OK Two samples of the final product were steam deactivated at 1450 F and 
1550* F, in 100 percent steam for 2 hours. The steam deactivated solid products were evaluated by ASTM 

35 test method D-3907 and the percent conversion measured. The gasoline selectivity and percent coke were 
calculated. The results were as follows: 
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so Claims 

1 . A process for the catalytic conversion of hydrocarbons under effective conversion conditions wherein 
said process employs as the catalyst at least one catalyst of U.S. Patents Nos. 4,588,701 and 4,591,576. 

2. The process for catalytic cracking of crude oil-derived feedstocks comprising contacting said 
55 feedstock under effective cracking conditions witn at least one cataiyst of U.S. Patents Nos. 4,588.701 and 

4,591,576. 
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3. A crocess for tne catalytic cracKinc of hydrccaroor. feecstocns comprising contacting said nycrocar- 
ocn feecstock under conditions effective to crack said feecsiccK with a catalyst precarec oy the following 
steos: 

(it contacting a mixture cf a large pore zeoiite and an inorganic oxide matrix with a fluoro sal: of the formula 

wr.ere»n "A" is an organic or inorganic icnic moiety; (MF n ) 2 is a fluorcanion moiety comDrismg the element 
"M". "M" is an element selected from the group of eiements from Groups VB, V!B, VilB, VII. IMA, IVA and 
VA of the Periodic Table of Elements; "n* is the coordination number of "M"; "m" is the vaience of "M"; 
and "z n is the vaience or charge associated with "A"; at an effective pH value greater than aoout 3, at 

w effective -conditions of temperature and time, whereoy the cracking activity of the zeoiite is enhanced. 
4 The process according to claim 3 wherein said catalyst is prepared by the following steps: 

(\) contacting a mixture of Y zeolite having a SiCVAIaOg ratio of between about 3.5 and about 6, and 
an inorganic oxiae matrix, said matrix comprising a mixture of a kaolin clay and at least one of silicas, 
aturmnas and siiica-aiuminas. with a fluoro salt selected from the group consisting of ammonium hex- 

15 afiuorosificate, ammonium hexafiuorotitanate and mixtures thereof in an amount of at least 0.0075 moles per 
100 grams of zeolite, at effective conditions of temperature and time whereby at least one of silicon and 
titanium is inserted as tetrahedrai units into the crystai lattice of the zeoiite in substitution for aluminum 
tetrahedra; and 

(ii) ammonium exchanging the product of step (i) to provide a catalyst having a Na2 0 content less 
20 than 0.3 percent by weight based on the total catalyst weight. 

5. The process of claim 3 wherein the effective pH is between 3 and 7. 
S. The process of claim 3 wherein the pH is between about 4.0 and about 6.5. 
7. The process of claim 3 wherein the effective pH is greater than about 7. 
25 3. The process of claim 7 wherein the effective pH is between 7.5 and about 9.0. 

9. The process of claim 7 wherein the effective pH is between about 7.5 and about 8.5. 

10. The process according to claim 3 comprising the additional steps of ammcnium exchanging the 
product of step (i) to provide a catalyst having a Na 2 0 content less than 0.3 percent by weight, based on 
the total cataiyst weight. 

30 11. The process according to claim 3 comprising the additional preparation steps of ammonium 

exchanging the product of step (i) to provide a catalyst having a Na 2 0 content less than 2.0 percent by 
weight, based on the total weight of the zeoiite employed in such cataiyst, wherein such Na20 content is 
achieved without a Na 2 0 calcination. 

12. The process of claim 3 or claim 10 or claim 11 wherein the product of step (i) is cation exchanged 
35 with a cataiytically effective amount of at least one rare earth cation selected from the class consisting of 

cerium, lanthanum, praseodymium, neodymium, promethium, samarium, europium, iutetium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium and ytterbium. 

13. The process of claim 3 wherein said large pore zeolite is a Y zeolite having a SiCVAiaCh ratio 
greater than about 3.5. 

~c 14. The process according to claim 13 wherein said Y zeoiite has a S1O2/AI2O3 ratio between about 4.0 

and about 6.5. 

15. The process according to claim 13 wherein said Y zeolite is at least partially in the ammonium 
cationic form. 

1 6. The process of claim 3 wherein the effective temperature is at least 50 " C. 

J5 17. The process of claim 15 wherein the effective temperature is between about 50 " C and aoout 

100*C. 

1 3. The process of claim 3 wherein the effective time is between about 0.1 hours and about 2 hours. 

19. The process of claim 3 wherein the fluoro salt is provided in an amount greater than 0.0075 moies 
per 100 grams of large pore zeolite. 
50 20. The process of claim 19 wherein the fluoro salt is provided in an amount between about 0.05 and 

about 0.2 moles per 100 grams of large pore zeoiite. 

21 . The process of ciaim 3 wherein the fluoro salt is provided in an amount between about 0.01 and 
about 1.25 moles per 100 grams of iarge pore zeoiite. 

22. The process of claim 21 wrerein the fluoro salt is provided in an amount between about 0.02 and 
55 about 0.25 moies per 100 grams of large pore zeolite. 

23. The process of claim 10 wherein the catalyst contains less than 0.2 percent by weight Na2G based 
on the total weight of the catalyst. 
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24. The process of claim 23 wherein the catalyst contains less than 0.1 percent by weight Na 2 0 based 
on the total weight of the catalyst. 

25. The process of claim 11 wherein the catalyst contains less than 1.5 percent by weight Na 2 0, based 
on the total weight of the large pore zeolite. 

5 26. The process of claim 25 wherein the catalyst contains less than 1.0 percent by weight Na 2 0 based 

on the total weight of the large pore zeolite. 

27. The process of claim 3 wherein the inorganic oxide matrix is selected from the group consisting of 
silicas, aluminas, silica-aluminas, clays and mixtures thereof. 

28. The process of claim 27 wherein the 2eolite and inorganic oxide matrix comprise a mixture of 
70 between about 5 and about 40 percent by weight of the large pore zeolite, 10 percent and about 25 percent 

by weight of at least one of silica and alumina and between about 45 percent and about 75 percent of clay. 

29. The process of claim 28 wherein the zeolite and inorganic oxide matrix comprise a mixture of 
between about 10 and about 25 percent by weight of at least one of silica and alumina and between about 
45 percent and about 75 percent of a kaoiin ciay. 

75 30, The process of claim 23 wherein the zeolite is zeolite Y, the silica is an acid silica sol and the ciay 

is a kaoiin clay. 

31. The process of claim 28 wherein the alumina is an acid alumina sol. 

32. The process or claim 29 wherein the zeolite is present in ar amount of between about 15 and about 
20 percent by weight, based on the total weight of the catalyst. 

20 33. The process of claim 12 wherein the final product contains less than 0.2 percent by weight Na 2 0, 
based on the total weight of the catalyst, and between about 0.1 and about 20 weight percent of at least 
one rare earth cation, based on the weight of zeolite. 

34. The process of claim 12 wherein the finai product contains less than 2.0 percent by weight Na 2 0, 
based on the total weight of the zeolite, and between about 1 and about 12 weight percent of at least one 

25 rare earth cation, based on the weight of zeolite. 

35. The process of claim 3 wnerein at least 40 percent of the crystallinity of the starting large pore 
zeolite is retained by the zeolite in the catalyst. 

36. The process of claim 3 wherein said large pore zeolite is selected from the group consisting of 
zeolite Y, zeolite X, zeolite beta, zeolite ZK-20, Zeolite L2-210, Zeolite ZSM-3, ZSM-type zeolites and 

30 mixtures thereof. 

37. The process Of claim 36 wherein said zeolite is a mixture of a Y zeolite and LZ-210. 

38. The process of claim 36 wherein said zeolite is Zeolite beta. 

39. The process of claim 36 wherein said zeolite is Zeolite ZK-20. 

40. The process of claim 36 wherein said zeolite is ZSM-3. 
35 41. The process of claim 36 wherein said zeolite is LZ-210. 

42. The process of claim 3 wherein "M" is selected from the group consisting of silicon, phosphorus, 
antimony, bismuth, palladium, platinum, iridium, iron, rhenium, molybdenum, tantalum, titanium and mix- 
tures thereof. 

43. The process of claim 36 wherein said zeoiite comprises a ZSM-type zeolite selected from the group 
40 consisting of ZSM-5, ZSM-11, ZSM-12. ZSM-23. ZSM-35, ZSM-38 and ZSM-48. 

44. The process of claim 42 wherein "M n is selected from the group consisting of silicon, titanium and 
mixtures thereof. 

45. The process of claim 3 wherein "A M is selected from the group consisting of cations of ammonium, 
quaternary ammonium and mixtures thereof. 

45 46. The process of claim 44 wherein the fluoro salt is ammonium hexafluoro silicate. 

47. The process of claim 4 wherein said catalyst is preoared in the absence of a Na 2 0 calcination. 

48. A process for catalytic cracking of hydrocarbon feedstock comprising contacting said hydrocarbon 
feedstock under conditions effective to crack said feedstock with a catalyst prepared by the following steps: 

(i) contacting a mixture of a Y zeoiite having a Si0 2 /Ai 2 03 ratio between about 3.5 and 6 and an 
50 inorganic oxide matrix with a fluoro salt of the formula 
A ( „. m >(MF n ) 2 

wherein "A" is an organic or inorganic ionic moiety; (MF n ) 2 is a fluoroanion moiety comprising the element 
"M"; "M" is an element selected from the group of elements from Groups VB, VIB, VIIB, vlll, IllA, IV A, and 
VA of the Periodic Table of Elements; "n M is the coordination number of "M"; "m" is the valence of "M"; 
55 and "z" is the valence or charge associatec with "A"; at a pH from 3 to about 7 in an amount of at least 
0.0075 moles oer 100 grams of the large pore zeolite on an anhydrous basis, whereby -he cracking activity 
of the zeolite is enhanced; 
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fiii ammonium exchanging the product of step (i) to proviae a catalyst naving a Na ; 0 content tess 
than C.3 oercert by weight, cased or. the tota: cataiyst weight; ana 

<i\\) with the orcviso that sucn process is earned cut in ;he absence of a Na2 0 calcination of said Y 
zeolite. 

c 

49. The process for catalytic cracking of hyorocaroon feeastocK comprising contacting said hydrocar- 
ocn 'eeostock under conditions effective to crack sate feeastocK with a cataiyst prepared oy the steps of: 

(\) contacting a flucrc salt with a mixture of a ;arge pore zeolite seiected from the ciass consisting of 
zeo-ite /. zeolite X, zeolite seta, zeciite LZ-21G, zeolite ZK-20. zeolite ZSM-3 and mixtures thereof and an 
'0 inorganic oxide matrix selectee from the cjreup consisting of aluminas, siiicas, siiica-aluminas, clays, and 
mixtures thereof, wherein tne fluoro sait <s of the formula- 
A.- n . m /MF„)- 

wheretn "A" is an organic cr inorganic ionic moiety; (MF n ) 2 is a fiuoroanion of element "M"; "M" is at least 
one of boron, aluminum, gallium, silicon, phosphorus, antimony, bismuth, palladium, platinum, iridium, iron, 

?5 rhenium, molybdenum, tantalum and titanium; *n" is the coordination number of "IvT; "m M is the valence of 
"M": anc M z" is the valence or charge associated with "A M ; at an effective pH value within the range of 
about 3 to aoout 7 for an effective time at an effective temperature whereby the cracking activity of the 
zeonte s enhancec; 

fit) ammonium exchanging :he product of step (i); 

20 fiii) rare earth exchanging the product of step (iii); 

(iv) obtaining without Na20 calcination a catalyst containing -ess than 0.3 weight percent Na 2 0, based 
on the total cataiyst weight, and about 20 weight percent of at least one rare earth element cation selected 
from the group consisting of cerium, lanthanum, praseodymium, neoaymium, promethium, samarium, 
europium, lutetium, gadolinium, terbium, dysprosium, holmium, erbium, thulium and ytterbium, based on the 

25 total weight cf the zeolite. 

50. A process for the catalytic cracking of a hydrocarbon feedstock comprising contacting said 
feedstock under conditions effective to crack said feedstock with a cracking catalyst prepared by the 
following process: 

30 (i) contacting a mixture of a non-calcined Y zeolite having a SJO2/AI2O3 ratio of between about 3.5 

and about 6, and at least one inorganic oxide matrix component, said matrix comprising a mixture of a 
kaolin clay and at least one of silicas, aluminas, siiica-aluminas, with a fluoro salt selected from the group 
consisting of ammonium hexafluorosiiicate, ammonium, hexafluorotitanate and mixtures thereof in an 
amount of at least 0.0075 moles per 100 grams of Y zeolite, at an effective pH value of from greater than 7 

35 to about 9 at effective conditions of temperature and time whereby the cracking activity of the zeolite is 
enhanced; and 

(ii) ammonium exchanging the product of step (i) to provide a catalyst having a Na?0 content less 
than 2.0 percent by weight based on the total weight of the Y zeolite employed in the catalyst. 

40 51. A process for the catalytic conversion of a hydrocarbon feedstock comprising contacting said 

feeostock under conditions effective to crack said feedstock with a non-calcined catalyst having a Na 2 0 
content less than 2.0 percent by weight, based on the zeolite component of the cataiyst. wherein said 
catalyst is prepared by the following steps: 

(i) contacting a mixture of a Y zeolite having a SiG2/'AbC)3 ratio between about 3.5 and 6 and an 
45 inorganic oxide matrix with a fluoro salt of the formula 

A< n . m) (MF n ) 2 

wherein "M w is an organic or inorganic ionic moiety; (MF n ) 2 is a fiuoroanion moiety comprising the element 
"M"; "M w is an element "IvT; "M" is an element selected from the group of elements from Groups VB, VIB, 
VI1B, VIII, IIIA. IVA and VA of the Periodic Table of Elements; "n" is the coordination number of "M"; "m M is 
so the valence of "M"; and "z" is the valence or charge associated with "A"; at a pH from 7.5 to about 9 in an 
amount of at least 0.0075 moles per 100 grams of the large pore zeolite on an anhydrous basis, whereDy 
the cracking activity of the zeolite is enhanced; 

(ii) ammonium exchanging the product of step (i) to provide a non-Na 2 0 calcined catalyst having a 
NasO content less than 2.0 percent by weight, based on the total weight of the Y zeolite emoloyed in the 

55 cataiyst 
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52. A process for the catalytic cracking of a hydrocarbon feedstock comprising contacting said 
feedstock under conditions effective to crack said feedstock with a catalyst prepared by the process 
consisting essentially of the steos of: 

(i) contacting a mixture of a large pore zeoiite selected from the class consisting of zeolite Y, zeolite 
5 X, zeolite beta zeolite LZ-210. zeolite ZK-20, zeolite ZSM-3 and mixtures thereof and an inorganic oxide 

matrix component selected from the group consisting of aluminas, silicas, silica-aluminas, clays, anc 
mixtures thereof with a fluoro salt, wherein the fluoro salt is of the formula 

Vm)(MF n ) 2 

wherein "A" is an organic or inorganic ionic moiety; (MF n ) 2 is a fluoroanion of element "M"; "M" is at feast 
io one of boron, aluminum, gallium, silicon, phosphorus, antimony, bismuth, palladium, platinum, iridium, iron, 
rhenium, molybdenum, tantalum, and titanium; and M z ,t is the valence or charge associated with "A" at an 
effective pH greater than 7 for effective conditions of time and temperature whereby the cracking activity of 
the zeolite is enhanced; 

(ii) ammonium exchanging the product of stsp (i); 

15 rare earth exchanging the product of step (ii) to -provide a cataiyticaily effective amount of rare 

earth cation; 

(iv) obtaining without Na^O calcination a product containing iess than 1.2 weight percent Na 2 0, based 
on the weight of the zeoitte employed in the catalyst, at least 60 percent crystal retention of the starting 
zeolite and between about O.t and about 20 weight percent of at least one rare earth element cation 
20 selected from the group consisting of cerium, lanthanum, praseodymium, neodymium, promethium, 
samarium, europium, iutetium, gadolinium, terbium, dysprosium, hoimium, erbium, thulium and ytterbium, 
based on the weight of said zeolite. 
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